This symposium was held in Anaheim California, on February 8, 2010 , at the 33rd annual Midwinter Meeting of the Association for Research in Otolaryngology (ARO). The meeting program and abstracts are published online (http://aro.org/abstracts/abstracts.html). Organized by Jay Goldberg and Kenna Peusner, the symposium was directed toward clinicians who want to bridge the gap between basic science and treating patients for vestibular disorders, vestibular neuroscientists using structural and functional approaches to understand the labyrinth and its central pathways at the system, cellular, and molecular levels, and auditory neuroscientists intrigued by the similarities and differences in signal processing in the two systems. This special issue contains those presentations on signal processing in second-order vestibular neurons and their connections. The articles underwent peer-review for this special issue. We would like to thank the Journal of Vestibular Research for the production of this special issue devoted to the symposium.
The vestibular system demonstrates a remarkable plasticity in response to changing environmental demands [9] and to recover function after pathologies affecting the peripheral vestibular receptors on one side [16] . Second-order vestibular neurons are characterized by a high degree of plasticity in their connections with first-order vestibular neurons and nonlabyrinthine inputs (for review, see [20] ). As demonstrated in this symposium, recent research has been directed toward defining synaptic transmission and ionic conductances involved in signal processing from the vestibular periphery to the first brain centers located in the vestibular nuclei. The experiments utilize multiple structural and functional approaches performed on intact animals, isolated vestibular circuits in culture, or brain slice preparations.
The article by Beraneck and Straka entitled "Vestibular Signal Processing by Separate Sets of Neuronal Filters" reviews recent research on detecting static head position and head motion by the peripheral vestibular receptors and the activation of specific receptor areas by high or low frequency movements during locomotion. Vestibular nerve afferents convey the different dynamics of head motion in a wide range of frequencies to second-order vestibular neurons, which are equipped dynamically to process the signals [18] . From the firing patterns generated by second-order vestibular nuclei neurons, the authors propose that there are two different populations of vestibular nuclei neurons that process high or low frequency signals within two separate pathways [19] . Tonic-firing vestibular nuclei neurons process low frequency signals, and are well-suited for synaptic integration, whereas phasic-firing vestibular nuclei neurons process high frequency signals and are designed to detect events. This dual system may underlie the ability of the brain to distinguish between tilt and linear translation, or self-induced motion and passive body movements (for review, see [1] ). Finally, differences in the dynamic properties between frog and mammalian vestibular nuclei neurons are discussed in relation to species-specific locomotor patterns.
The article by Popratiloff et al. entitled, "Expression of Glutamate Receptors and Potassium Channels in Vestibular Nuclei Neurons During Development of Signal Processing" is a review of developmental changes in AMPA receptor subunits, GluR1-GluR4 [12] , and the expression of dendrotoxin (DTX)-sensitive, low threshold, potassium channels (Kv1) in a morphologically distinct class of VOR neurons, the principal cells of the chick tangential nucleus, in the late-term embryo (E16) [3] and hatchling chicken (H1-H9) [4, 16] . In studies of AMPA receptor subunit immunolabeling using confocal imaging, hatchling principal cells express higher levels of GluR4 that are capable of generating fast excitatory postsynaptic events. This result is supported by recording faster kinetics of spontaneous synaptic events in hatchling compared to embryonic principal cells [15] . In addition, Kv1 expression in principal cell bodies decreases after hatching [11] , consistent with recording decreased DTX-sensitive potassium conductance and greater excitability of principal cells to depolarizing stimuli after hatching. Finally, Kv1 channels relocate to different cellular compartments after hatching, which must contribute to the changing pattern of evoked spike firing recorded in principal cells and their presynaptic inputs. Altogether, these developmental changes in ionic conductances allow the principal cells to respond to presynaptic inputs more rapidly and precisely after birth.
In the article by Kolkman et al., "Intrinsic Physiology of Identified Neurons in the Prepositus Hypoglossi and Medial Vestibular Nuclei" experiments are presented to determine if the intrinsic membrane properties of NPH and MVN neurons differ according to neurotransmitter phenotype and/or axonal connections. Like a subset of MVN neurons, some NPH neurons process signals concerned with head and eye movements during VOR activity and send axons to the oculomotor nuclei (for review, see [6] ). Most of the experiments described are performed on three transgenic mouse lines that express green fluorescent protein to identify three subtypes, either GABAergic neurons only, glutamatergic and glycinergic neurons, or glycinergic neurons only. Two separate sets of experiments are performed. In the first set, recordings are obtained from NPH neurons in brain slice preparations and the results compared to previously published data on MVN neurons from the same [2, 5] and other laboratories [8, 17] . In the second set of experiments, dextran crystals are injected into the high cervical spinal cord or caudal medulla of transgenic mice to determine the neurotransmitter phenotypes of the dextran-labeled MVN neurons and record from them. The intrinsic membrane properties recorded from vestibulospinal neurons situated in the MVN are compared to recordings from MVN neurons that project to the oculomotor nucleus, which were published previously from the same laboratory [14] . The Authors conclude that a graded expression of ion channels likely exists among different MVN and NPH neuron classes, but differential tuning of the intrinsic membrane properties in different classes of MVN and NPH neurons allows them to perform their specific functions.
Normally, body movements and postural adjustments detected by the vestibular system produce rapid cardiovascular changes. The compensatory adjustments in blood pressure due to signaling within the vestibulo-sympathetic reflex pathway during postural adjustments enable humans to stand up without losing consciousness, known as orthostatic tolerance (for review [22] ). These changes are mediated by functional integration of peripheral and central vestibular signals in blood pressure control centers located in the ventrolateral medulla oblongata. Holstein et al. in an article entitled, "Anatomical Observations of the Caudal Vestibulo-Sympathetic Pathway" reviews the neuroanatomical connections of the system and neurotransmitter phenotypes of neurons in the circuitry. Briefly, neurons in caudal portions of the vestibular nuclear complex, including the MVN and inferior vestibular nucleus, produce monosynaptic and polysynaptic inputs to caudal brainstem centers involved in regulating sympathetic outflow [23] . The caudal brainstem centers include multiple nuclear groups, with the rostral (RVLM) and caudal ventrolateral medullary regions (CVLM) the focus of this review. RVLM contains the glutamatergic bulbospinal neurons [10] , which receive monosynaptic GABAergic inputs from CVLM [7] and send their axons to preganglionic sympathetic neuron in the spinal cord (e.g. [13] ). Finally, the article reviews the immunolabeling data on the presence of glutamate, GABA, catecholamines, and the newly recognized modulator, imidazoleacetic acid-ribotide, in the RVLM.
